Abstract-ortho-Chlorodiarylamines in the 2,3,7-trimethylbenzo[b]thiophene series were prepared in high yields (70-85%) by C-N palladium-catalyzed cross-coupling using P(t-Bu) 3 as ligand and NaOt-Bu as base. A palladium-assisted C-C intramolecular cyclization of the coupling products gave thienocarbazoles and the dechlorinated diarylamines. Studies of antimicrobial activity of the compounds obtained, against representative species of bacteria (Escherichia coli, Pseudomonas aeruginosa, Bacillus cereus and Bacillus subtilis) and fungi (Candida albicans), were performed. We have also included in the biological assays some pyridine derivatives previously prepared by us, and it was possible to establish some structure-activity relationships (SARs).
Introduction
In recent years we have been interested in palladiumcatalyzed C-N cross-couplings in the benzo [b] thiophene series.
1, 2 We reported some general conditions to obtain diarylamines functionalizing the benzene ring of the benzo [b] thiophene system with arenes bearing electron-donating or -withdrawing groups.
1b The antimicrobial activity of diarylamines derivatives of 2,3,5-trimethylbenzo[b]thiophene was already studied by us. 3 For the synthesis of ortho-bromodiarylamines in the benzo[b]thiophene series we have established different conditions for the functionalization of the benzene or the thiophene ring. The latter diarylamines were obtained in moderate to good yields and gave the corresponding tetracyclic thienocarbazoles and indolobenzo[b]thiophenes using a palladium-assisted intramolecular cyclization. 1c Bedford and Cazin described the synthesis of ortho-chlorodiphenylamines in high yields by C-N palladiumcatalyzed cross-coupling of halobenzenes with ortho-chloroanilines using P(t-Bu) 3 as ligand and NaOt-Bu as base. 4 In this work, we describe the synthesis of ortho-chlorodiarylamine derivatives of 2,3,7-trimethylbenzo[b]thiophene in high yields, using Bedford's conditions and the palladium-assisted C-C intramolecular cyclization to thienocarbazoles. Using the same type of reactions we have already reported the synthesis of an ortho-chlorodiheteroarylamine from 3-bromo-2-chloropyridine and 6-amino-2,3,7-trimethylbenzo[b]thiophene and its cyclization to the first thieno-d-carboline. 5 The latter compound has already shown antiproliferative activity upon photoactivation, in leukaemia and in solid tumour cell lines. 6 Herein we report studies of the antimicrobial activity of the compounds prepared including also the pyridine derivatives previously prepared by us, in order to establish some structure-activity relationships (SARs).
Results and discussion

Synthesis
The ortho-chlorodiarylamines 1a and 1b were prepared in high yields, by palladium-catalyzed C-N cross-coupling 7 of the 6-bromo-2,3,7-trimethylbenzo[b]thiophene 8 with ortho-chloroanilines, using Bedford's conditions 4 (Scheme 1).
The diarylamines 1a and 1b were cyclized to the corresponding thienocarbazoles using a palladium-assisted C-C intramolecular cyclization (Scheme 2) applying the Maes conditions 9 that had been used in the cyclization of 3-chloro-2-(4-piridinylamino)pyridine, needing in our case a bigger amount of Pd(OAc) 2 . This reaction can be seen as an intramolecular C-H activation by a Pd(II) complex, resulting of oxidative addition of compounds 1 to Pd(0), presumably by an electrophilic displacement mechanism, to give a six-membered pallacycle which subsequently yields the thienocarbazoles 2 by reductive elimination, as suggested for the synthesis of carbazoles from ortho-chlorodiphenylamines. In the synthesis of thienocarbazoles 2, the dechlorinated diarylamines 3a and 3b were obtained as major products and the starting ortho-chlorodiarylamines were also isolated. In the cyclization of 1b, two thienocarbazoles 2b and 2c were formed (Scheme 2). The latter can be the result of the electrophilic attack of Pd(OAc) 2 on the aromatic rings of 3b with extrusion of Pd(0). As already reported by us the cyclization of the orthochlorodiarylamine 1c gave the thienocarboline 4 in high yield by the same method (Scheme 2). 5 
In vitro antimicrobial activity evaluation
An evaluation of the antibacterial activity using two Gram-negative (Escherichia coli and Pseudomonas aeruginosa) and two Gram-positive bacteria (Bacillus subtilis and Bacillus cereus) and the antifungal activity using Candida albicans as a representative species of fungi was assessed for compounds 1a-c, 2a,b, 3b and 4. The minimal inhibitory concentration (MIC in lg/mL) was determined using an adaptation of agar streak dilution method based on radial diffusion. 10, 11 In the same conditions different concentrated solutions of ampicillin (antibacterial) and cycloheximide (antifungal) were used as standards. The MIC was considered to be the lowest concentration of the tested compound which inhibits growth of bacteria or fungi on the plate. The diameters of the inhibition zones corresponding to the MICs are presented in Table 1 . The compounds tested are not active against Pseudomonas aeruginosa starting from DMSO solutions of 1000 lg/mL of each compound.
From the analysis of Table 1 it is possible to establish some SARs. The only active compound against E. coli in the concentrations tested is the ortho-chlorodiarylamine 1b (MIC 12.5 lg/mL), the methoxy group being the responsible for the activity. Against Gram + bacteria the MICs for 1b are much lower than those for 1a. Comparing 1b with 1c (the pyridine derivative) the latter shows to be more active against B. cereus (MIC 3.13 lg/mL) but less active against B. subtilis. Against C. albicans 1b and 1c present the same MIC (25 lg/mL) which is lower than the MIC obtained for 1a (50 lg/mL).
Comparing 1b with the corresponding dechlorinated diarylamine 3b, the MICs for the latter are much more lower for B. cereus and for C. albicans (0.05 lg/mL) and even lower than those for ampicillin and cycloheximide.
Among the cyclized products 2a and 2b, the methoxylated thienocarbazole 2b presents the lower MICs. The thieno-d-carboline 4 presents better results than the corresponding thienocarbazole 2a for B. cereus and C. albicans and the same MIC for B. subtilis which is lower than the MIC for ampicillin.
Conclusion
ortho-Chlorodiarylamines in the 2,3,7-trimethylbenzo[b]thiophene series were prepared in high yields by palladium-catalyzed C-N cross-coupling. A palladium-assisted C-C intramolecular cyclization gave the corresponding thienocarbazoles in low to moderate yields, and the dechlorinated diarylamines as major products. Studies of antimicrobial activity were performed using the synthesized compounds and including a thieno-d-carboline and its ortho-chlorodiarylamine precursor, previously prepared by us. Some structureactivity relationships were established and the importance of the methoxylated compounds is pointed out (very low MICs). The thienocarboline showed lower MICs for B. cereus and for C. albicans than the corresponding thienocarbazole but for B. subtilis both present the same MIC.
Experimental
Materials and methods
Melting points were determined on a Gallenkamp apparatus and are uncorrected. The 1 H NMR spectra were measured on a Varian Unity Plus at 300 MHz. Spin-spin decoupling was used to assign the signals. The 13 C NMR spectra were measured in the same instrument at 75.4 MHz (using DEPT h 45°).
Elemental analyses were determined on a LECO CHNS 932 elemental analyser. Mass spectra (EI) and HRMS were made by the mass spectrometry service of University of Vigo-Spain. plates Macherey-Nagel silica plates layer 2 mm SIL G-200 UV 254 . P(t-Bu) 3 was purchased from Strem as an hexane solution.
For the in vitro antimicrobial activity, suspensions of the microorganism were prepared to contain approximately 10 8 cfu/mL and the plates were inoculated. A stock solution of the synthesized compound (1000 lg/mL) in DMSO was prepared and graded dilutions of the tested compounds were incorporated in a cavity (depth 3 mm, diameter 4 mm) made in the center of the petridish (nutrient agar for antibacterial activity and Sabouraud vs dextrose agar medium for antifungal activity). The plates were incubated at 37°C (for bacteria) and at 30°C (for fungi) for 24 h in duplicate. Positive control using only inoculation and negative control using only DMSO in the cavity were carried out.
General procedure for the synthesis of ortho-chlorodiarylamines 1a and 1b
In a dry Schlenk tube it was poured under Ar with stirring, dry toluene (3-5 mL) 6-bromo-2,3,7-trimethylbenzo[b]thiophene, Pd(OAc) 2 (5 mol %), P(t-Bu) 3 (7 mol %), NaOt-Bu (5 equiv) and the amine (2-chloroaniline or 2-chloro-m-anisidine hydrochloride). The mixture was heated under Ar for some hours at 105°C (following by TLC). After cooling, water and ether were added and the phases were separated. The organic phase was dried (MgSO 4 ), filtered and removal of the solvent under reduced pressure gave an oil (residues of toluene were removed with methanol) which was submitted to column chromatography using 10% ether/petroleum ether as eluent, to give the ortho-chlorodiarylamines. (1H, br s, N-H 
General procedure for the synthesis of thienocarbazoles 2
In a dry Schlenk tube it was poured under Ar with stirring, dry dioxane (6-8 mL), Pd(OAc) 2 (40 mol %), P(t-Bu) 3 (30 mol %), the ortho-chlorodiarylamine 1a or 1b and finely ground K 3 PO 4 (10 equiv). The mixture was heated under Ar for 20 h at 120°C. After cooling ethyl acetate was added and the mixture was filtered. Removal of solvents gave an oil which was submitted to PLC (several elutions) to give thienocarbazoles 2 and the diarylamines 3. The starting materials were also isolated as the less polar products. 
